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Abstract 
Stress-notches cutting is one of the key processes in fracture splitting processing of connecting rod.  This paper has put 
forward a new process of WEDM notches cutting, with the advantages of free threading, low cost, high efficiency and convenient 
maintenance. In order to obtain stable cutting quality and higher processing efficiency, studies are carried out on the machine tool 
power supply and control system. Higher-voltage circuit for the pulse power supply is designed in the form of switching power 
supply with dual-controller, which brings the advantages of higher degree of integration, less weight, smaller volume, and cost 
reduction. Moreover, the output voltage is continuously adjustable and has the function of voltage regulator, thus better processing 
quality can be achieved. The control system is designed to obtain constant depth of notches while cutting, regardless of various 
sizes and tolerances of inner holes of the connecting rods, thus it can eliminate the negative influences on fracture splitting process 
caused by inconsistency of stress notches. Experimental results show that the presented WEDM power supply and control system 
can fully meet the requirements of notches cutting in fracture splitting processing of connecting rod. 
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1. Introduction 
Connecting rod is one of the key components in engine 
system; its manufacturing technologies have been 
playing an important role in the engine industry. As a 
recently developed manufacturing technology of 
connecting rod, fracture splitting processing is now 
receiving considerable attention in both industrial 
applications and academic research. 
Fracture splitting processing, also named as fracture 
cracking processing, uses two symmetric stress-notches 
prefabricated on both sides of the inner surface of large 
hole to initiate and guide the direction of splitting while 
an instant radial force is exerted inside the hole of 
connecting rod. When brittle fracture of the connecting 
rod happens, the formed natural splitting rough surface 
is directly used as the mating surface for precise 
location, thus it can eliminate the following redundant 
processing of mating surface machining, such as 
broaching and grinding, which are necessity in 
traditional machining processing of connecting rod. 
Stress-notches cutting is one of the three key 
processes in fracture splitting processing of connecting 
rod (i.e. Stress-notches cutting, fracture splitting and 
bolts assembling), in the process, the symmetry and 
machining quality of stress-notches have a great 
influence on the performance of following fracture 
splitting. 
Laser beam is widely used for stress-notches cutting 
in several companies. Mauser Company from Germany 
put forward one cutting method using laser processing 
(Fig.1a) [1]. Switzerland's LASAG company uses a high 
power YAG laser for stress-notches cutting (Fig.1b)[2]. 
Another kind of laser cutting equipment is also 
developed by Honda Ltd from Japan (Fig.1c) [3]. 
High-pressure water jet cutting and broaching are the 
other two processes introduced for stress-notches 
cutting. Some companies also use powder metallurgy 
material  
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Fig. 1. (a) Mauser company; (b) LASAG company; (c) Honda 
for connecting rod’s fabrication. During the preliminary 
forming process of press molding, initial stress-notches 
with high notch sensitivity which is normally V-grooves, 
are formed between connecting rod cover and 
connecting rod body, When connecting rod is 
undergoing following forging, these V-grooves are 
enclosed to form sharp cracks, which is used for fracture 
splitting [4-5]. 
Although as the most popular process for stress-
notches cutting, laser cutting process has the advantages 
of capable of cutting notches with narrow, uniform depth 
of cut, high efficiency, small stress variation and good 
quality, etc., there are still several disadvantages to be 
overcome, such as high requirements for external 
environment, hidden danger of human body injury, 
because laser is a special kind of light source. 
Furthermore, on the direct area of laser processing, 
material is in the molten state because of high 
temperature and hard particles are easily produced on the 
inner wall of the notches, thus chipping of the boring 
tool may occur when connecting rod is undergoing the 
following processes after fracture splitting process. 
The authors put forward a new process of WEDM 
stress-notches cutting (reciprocating type High Speed 
WEDM). Compared with laser processing, WEDM 
technology not only has the similar advantages of non-
contact, high efficiency, but also is of much more low 
cost and maintenance convenience. Both of the stress-
notches can be cut simultaneous and threading is also no 
longer needed with the new WEDM machine tool 
scheme. The scheme is named as threading-free, double-
loop synchronization WEDM cutting. Industrial 
applications prove the effectiveness of this new 
process(Fig.2). 
For the process of WEDM stress-notches cutting, 
pulsing power supply and control system are the two 
basic components of the machine tool. The performances 
of these two components greatly influence the 
processing result of cutting, including parameters such 
as machining speed, accuracy, stability and surface 
roughness, symmetry of stress-notches, etc. To achieve 
good performance of WEDM stress-notches cutting, this 
paper focuses on designing issues of power supply and 
control system of the WEDM machine tool . 
 
 
 
 
 
 
 
 
 
      
 
 
 
Fig.2 Double-loop synchronization WEDM machine tool 
2. WEDM power supply design 
The WEDM pulse power supply is composed of three 
basic sections, including DC high-voltage transmission 
circuit, pulse main circuit and short protection circuit. 
The DC high-voltage transmission loop is a DC-DC 
buck converter circuit, in which the on and off time of 
the power switch tube can be modulated to control the 
input and output parameters of the loop; The pulse main 
circuit is made of pulse source circuit, isolation drive 
amplification circuit and power amplification circuit; 
The short protection circuit includes sampling circuit, 
signal filtering and amplification circuit, a comparator 
circuit and feedback controller. 
 
 
 
Fig.3 High direct voltage power supply scheme 
The control system of the buck converter circuit has 
two main functions, i.e. voltage regulator and voltage 
modulation. Voltage regulator is to stabilize output 
voltage regardless of power network fluctuation; Voltage 
modulation is to adjust the value of output voltage 
through control system, thus the desired DC voltage is 
obtained. The topological structure using dual-controller 
is adopted to achieve the functions, in which specialized 
PWM control chip TL494 and PIC microcontroller are 
chose to realize joint controlling. TL494 is used to 
stabilize the output voltage, while PIC microcontroller is 
used to adjust output voltage value. This scheme can 
greatly reduce the volume of the power supply because 
of the replacement of the high-frequency transformer 
with The DC high-voltage transmission loop. 
 
 
252   Y.J. Zhang et al. /  Procedia CIRP  6 ( 2013 )  250 – 254 
 
3. Control system design 
The control system uses a PIC microcontroller as the 
main controller. Constant cutting depth and fast auxiliary 
feeding are realized through the way of gap detection 
and clearance status identification. 
While the feed instruction is given, cutting is 
starting. J8 and J9 port output the signals of machining 
pulse and 
 
                                                        Fig.4 Processing MCU controller hardware circuit scheme 
 
direction of the stepping motor. J5 and J6 port detect the 
signals of short circuit and normal electric discharging 
respectively. If short circuit signal is detected, PIC 
microcontroller runs an interruption program and 
reversing backward instruction is sent to the motor. 
While normal electrical discharging signal is received, 
PIC microcontroller runs another interruption program in 
order to carry out the constant feed machining, 
meanwhile the feed depth is added automatically to the 
depth of stress-notch. When reversing backward 
instruction is executed, error compensation should also 
be made to compensate the mechanism backlash. 
4. Experimental results and process analysis 
Experiments are carried out to test the validity of power 
supply design. As too much difference between depths 
of two stress-notches may cause unilateral splitting 
during fracture splitting, the actual cutting depth of 
stress-notches under various conditions is measured and 
compared. Under different initial distance between the 
molybdenum wire and connecting rod (S1 in fig.5a and 
S2 in fig.5b, which is similar to the double-loop 
synchronization WEDM cutting condition with the 
positioning error of connecting rod), stress-notches are 
cut. The initial distance can be adjusted conveniently 
through the way of changing the angle between 
workpiece and wire feed direction. 
          
 
    Fig.5   (a) horizontal cutting;                    (b) tilt cutting  
 
As shown in fig.5, when the workpiece is in vertical 
direction, the distance between the molybdenum wire 
and  connecting rod is S1. while when workpiece is tilt, 
the distance becomes S2 (S2 > S1). 
WEDM cutting experiments are carried out under 
following parameters: 90V pulse voltage, 10KHz 
frequency and duty ratio 0.3, kerosene working fluid. As 
considerable experiments show that connecting rod with 
the depth of stress-notches in the range of 500μm-
1000μm may cause good performance when undergoing 
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fracture splitting, 800μm depth of stress-notch is set for 
all WEDM cutting experiments. The first group of 
workpieces are cut with the initial distance of 
S1(horizontal cutting as shown in fig.5a). The second 
group of workpieces are cut with the initial distance of 
S2(tilt cutting as shown in fig.5b). The third group of 
workpieces are cut with backlash error compensation 
(horizontal cutting as shown in fig.5a). Table1,table2 
and table3 list the results of these three groups of 
experiments.
 
Table 1. Experimental results under horizontal cutting with 8000 depth parameter 
Processing conditions Depth parameter 800μm, power frequency 10 KHZ, processing voltage 90v, Duty ratio 0.3, horizontal cutting 
notch numbers 1 2 3 4 5 
notch depth(μm) 766.6 755.556 766.667 788.889 772.727 
Theoretical notch depth(μm) 800.000 800.000 800.000 800.000 800.000 
The difference of notch depth(μm) 
   -33.333 -44.444 -33.333 -11.111 -27.273 
The difference in depth between the 
notches(μm) 
Maximum difference in size =33.333μm 
Minimum difference in size =11.111μm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6  Notches under horizontal cutting with setting depth of 800μm                       Fig.7  The horizontal single notch under CCD displaying 
Table 2 Experimental results under tilt cutting with 8000 depth parameter
Processing conditions Depth parameter 800μm, power frequency 10 KHZ, processing voltage 90v, Duty ratio 0.3, tilt 
cutting 
Notch numbers 1 2 3 4 5 
Notch depth(μm) 770.744 757.190 781.173 771.918 782.349 
Theoretical notch depth(μm) 800.000 800.000 800.000 800.000 800.000 
The difference in size of notch 
depth(μm) -29.256 -42.81 -18.827 -28.082 -17.651 
The difference in depth between the 
notches(μm) 
Maximum difference in size =25.159(μm) 
Minimum difference in size =13.554(μm) 
 
 
 
 
 
 
 
 
 
 
 
Fig.8 Notches under tilt cutting with setting depth of 800μm  
 
 
 
 
 
 
 
 
 
 
 
Fig.9 The tilt single notch under CCD displaying 
Table 3 The notch depth after error compensation with 8425 depth parameter 
Processing conditions Depth parameter 800μm, power frequency 10 KHZ, processing voltage 90v, Duty ratio 0.3, horizontal cutting 
Notch numbers 1 2 3 4 5 
Notch depth(μm) 808.140 802.867 810.909 809.532 806.322 
Theoretical notch depth(μm) 800.000 800.000 800.000 800.000 800.000 
The difference in size of notch depth(μm) 8.140 2.867 10.909 9.532 6.322 
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The difference in depth between the notches(μm) Maximum difference in size =8.042(μm) 
Minimum difference in size =3.455(μm) 
From the data listed in table1 and table2, it can be 
drawn that the maximum difference of depth between 
each notch is around 34 μm under the circumstances of 
both horizontal cutting and tilt cutting, which is mainly 
contributed to mechanical backlash of  the feed 
mechanism. Backlash error is then measured and 
compensated for the control system. Table3 shows the 
results of notches cutting after backlash error 
compensation. The depth difference between these two 
types of machining are decreased to around 8μm. For 
stress-notches cutting, such degree of machining error is 
small enough and can meet the requirements for fracture 
splitting processing of connecting rod. A large number 
of experiments prove that the power supply and control 
system is valid and stable. 
5. Conclusions 
      The designing of power supply and control system of 
WEDM machine tool for stress-notches cutting are 
introduced. Several key technologies are presented, 
including new structure of WEDM machine tool without 
threading and double-loop synchronization, new 
topological structure of power supply using dual-
controller in high-voltage transmission loop, constant 
cutt ing depth controll ing and hysteret ic  error  
compensation. Experimental results have shown the 
feasibility and validity of the power supply and control 
system. 
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